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Abstract

Total suspended particulate matters in the ambient air were analyzed for eight chemical elements (Ca, Co, Cu,
Fe, Mn, Pb, Si, and Zn) using an x—ray fluorescence spectrometry (XRF) at the Kyung Hee University — Suwon
Campus during 1989 to 1994. To use these data as basis for source identification study, membership of each
sample was selected to represent one of the well defined sample groups. The data sets consisting of 83 objects
and 8 variables were initially separated into two groups, fine (d,<3.3 pm) and coarse particle groups (d;>3.3
um). A hierarchical clustering method was examined to obtain possible member of homogeneous sample classes
for each of the two groups by transforming raw data and by applying various distances. A disjoint principal
component analysis was then used to define homogeneous sample classes after deleting outliers. Each of five
homogeneous sample classes was determined for the fine and the coarse particle group, respectively. The data
were properly classified via an application of logarithmic transformation and Euclidean distance concept. After
determining homogeneous classes, correlation coefficients among eight chemical variables within all the
homogeneous classes for calculated and meteorological variables (temperature, relative humidity, wind speed,
wind direction, and precipitation) were examined as well to intensively interpret environmental factors
influencing the characteristics of each class for each group. According to our analysis, we found that each class
had its own distinct seasonal pattern that was affected most sensitively by wind direction.
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27 10um o)A UAEL ¥ TN AAHA
9 10um °}3e] Y=L 10~60% AE 7|28 ¥
33 | 2ol AFE7] wEo] AA AFE F 4 3
t}(Chow, 1995).

471 F FREAY Fxol HAHA g vAE A
Z 094y XA g AFH BN FAeq #g
2o M wl$ F83lt}. ofE H3 YAl AL vy
22+ o (source) S FALR 3= FARY
2} 4 (receptor) & FH2E & $4EHo] gld
Fale S4AdMN L9EAY EANS ¥MTE ¥, 24
A9 VRS HFHor FAsE wHELZ, A
Seltelol Mg} ZFo] o4l ARRR] FHI ofHE
AAel e A Wgelct (AEed oA, 1993).
=3, 5 A6 $HE vFAE A A8
HAA 9 BA7 e A, AFE 9 BF g4l 19
3 vefst ee|EAsH 2de s FoF 479
4049 F43 gH o 53], o AR
A¥ (multivariate statistical analysis)-2> 3}3talg
4AY (CMB: chemical mass balance analysis)3}
37 HT B 7R ol AHgdte 4Rl

B dTe S£UAIRAM 2999 st 999 ¥
gl (pattern) & Fetstz] Hsted, 4 FHEMH
(cluster analysis)-g o|43lq H7|F FH-E£3& +
AEAY] B BRI, BA FAE EAY
(disjoint principal component analysis)& o]&3}
o £59 AL FEA2 AFsHd. =%, 354
02 223 #4737 (homogeneous cluster)g 4
s, ARG ERlege] EAE T3l
2+ slgek. o] & ov) AFEH AYA (1990) ]
AeAd A7 9 AN AWE7]AY 3
Aol -S43 vt gl

2. o|2H uiy

2.1 2FEY

ZAEM LS At Hopoll de] AHgste 4
A EAdezA, Ay deld A ARE R
+ 4 2%S ERk=d o4¥m 9k RN
39 g, UE, F2 Fo] 948 4HAA ¢ A
el N, A Abele] Arl =& HlfALT TAS F
Ao EAF FAE FAHsE Aol F4 Aot (7]
o} AwA] 1994), o FAWe |E dYe F
object Alold} A=E 71E22 TN ¥IFAIEE &

FIA7IRATIHA A3 W A13Z

Agezyn, Y3 patterng 71 objectE LH3le
Ao, Az T ¥ fAEs} 2 F object: YT
Ao} 249 (Hopke, 1991), dubdoz FAEA
2 37 A FHEXAY (hierarchical cluster analy-
sis)3} w)9A ZAH LAY (non-hierarchical cluster
analysis) &2 33} vAEAEE #38 +E
olr] ¢ gAY F4& 4 UL #, objectEE A
A BA 7oz A Rzl dyleld, Wb, $4
AL 3 FA o] & 2o EFFHAY, ¥AT F
Bo] 3452 43 A 471 njAd o, AR
$4 % (dendrogram) & o &3 FAwelc}. AL
AL w94 EMdel wg algorithme] 73l A
AN zre] Aoz gow AN FHERY FEAHA
A E Sz 23 A Tzl 7443 3dE 5
ook A o] 9o} (Massart and Kaufman, 1983;
771943 A=A, 1994).

Object7t HIFAIEE &5t dhfdle o8 714
uhgo] glov}, B AFeME Yubroz go] AH4H
= §Zadet 7g (Euclidean distance), #Zgd
o} A} ZFAe (squared Euclidean distance), AJE]-
24 AY (city-block distance ¥¥ Manhattan
distance) % A 7kx] W& ol &3tgl e, 2 £42
o3t 72

! D= [l:il(xii'—xki)z]l/z €))
FEAGL AR AY  Du=E(X-X)? @)

AE-8Y A ¢ D= XX 3

47]M, Dy object X2 Xi Abeld] AE ou|3}
o, m & W] £ateloh.

TAEAYE A7 e 4L 44 Ho4g + o
o, AatE whie AA H fAkE £499 24 T
ALY FRAQl gkl AYE 4 gonz 979
3% AR5 432 & 9§ AT Fo)7} D23

2.2 FYREMY
9% 2PENL T AT 542 744 objectEol
Y02 2RE™, 1 ¥R} 39 kA 4459
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A9 X5 APz FHdo}l gic) wey B 4
Fr FAFAEEAYY 943 e (pattern
recognition) & $&3tg T, o|E 93] SIMCA pack-
age (SIMCA-3B manual, 1984)& o]&slgcd. 2
AFAAEEA ol oln] 4R AV FAEH F&
o A" 24 D2 A3 54z FAEEHS
S8l uhy 2o}, SIMCA: Wold (1976) ] o3
A geldd FHeR, FAFHEEY 2dE 7|2
2 3 %A packageelth. FuolMe 25Ed ¥4
(1990) 0] M-&AY A7t A A3ERY F7ledx
EAel A4 vt glen, HZ FolME Sjogren ef
al.(1996)¢] AR wjE7tx Al §-83 vt 9l
o},

SIMCAS FARFAE A ¢ 74 #42 AYT
22 nd3E3, 3 A9 object’t THE FF FelA
oju] THd EXFAY £4E § 9l A9 AFE
A Ae] (critical distance)d] ¢ztsle] AAz. o
wtR oz HARE training sete} test setS E 33}
3 Qe o)A AR = FAEAH 22 FAH W
WE B3 on] &3 gl: AL training setelz} 3
o, o] 71X¢] ARE FAE mde spde] Al
Test set¥ FHLZ EfFolof sl & Ao £
Al§t object5¢] A waln, wWE: training set
oz Hel gRy £ 3 AR HPY AHE F
g3y A4EZE . a8z, 29 REE ofd
FANE £&EA] 9= objectE Eo)A (outlier) o)}
3},

SIMCAY $18):= o5 Taylor 74 (multiple Ta-
ylor's expansion)el|A] & el AR yu: A
()8} Zro] FAEF WIS 7H] FAE B2 fitting
& 4= 9.

A
Yij(Q)=Yi(q) +kz_;1bik(q)tki(Q)+eij(Q) (4)

ABYY yi= A ZHAA kY FAEE /1A i
WA Wasl jAA objectd] EAXE ol o714
$99 ye 94 09 B, bE w4 BV,
objectd & YehlE, AA et vy FEITE
(random part)$ A93le, 2393 (measure-
ment error)$ 59 ¢ 28 ¥33}1 9ot A e}
Edeoxyd add, 39 A5E 4 f452 94
2 B £ 99 (Wold, 1976). %} e;9 A ¢ 2
93 J 233 2 FH] &8 A 54 object 719

FAFALEAEE o) &8 U728 £5F 53

e

AL E Jelivh, =3}, AzHe 74 24 o3 @
S EFH A (residual standard deviation)7} A AL
o, oRAL FATNA FAE 29 FHo 2877
< YA I wepy, FSFFHAE training
setd|A] outlierE Z}A|3l=dl A4-¥ic} (Albano ef
al., 1981).

Test set?} objectES2 FARHAE| o3} fitting?]
=g A2 ulastd 2RY 4 A% AL 9543
3AEA e o8 24 2D objectd fittingsl2 e
A A $ gle ek Ade] BEAIEL object pE
257357 A8 24 q8 2EE o] 4% A¥, object p
9 FARFRAL FH q AQARFAHARA oy
object pE 3 g EFEc} ols} zbo] Ldro] A
32 & objects Zd3 7 £ F-testE 53
A4 7l 246 4314 =, FY 9ARE o439
dAAGE A4 & Ao

AikEl dA A= 9 objects] AAREEHAE v}
A9 A2&95E AT 5 ). 3 object:
ghtel 2ot §A8A ALHAY, E EE 1 o4
o FAol FA A&HAY, £ ojd FAHAE 43
A oA o). Jubdoer FAHE g2 AR L7
718 45 AAE FelAw, uety 29E A7 o
S A8 fittinge]l 7FesA doh zed, A3
&t 2de] FEA (validity) 2 #Meke A E Aol
(Wold et al., 1984). we}d FAE £ ZAAY
g of FrlA ZwS FAlol Tk g9, SIMCA
JM= AEGET HA(cross validation)E 3 Fol
A Ao W EAHeE FES FALY £ AH
gk B S AAE SIMCAY 98] § #4294+ &
H8 F313 4 9k (Wold and Sjostrom, 1977;
Wold, 1976).

3. AEuy

E29 A2 899 114¥E dAAA Asddn
U 2l A AY Foll Q). o] E AR F 949 9
A7xg] Fr19dL FHARE B 979 YAE (raw
data) & o]&3lgirt. A9 TAALE AYIE&EER
of AT AZE £UA AZRAHAAN MEFLE 2
km, AN 522 o 10kmel] $Ix8 912,
FHol= WA 231had) AZRES 9 37 L FTAE
of #1x]3t3L Qloh. o] 717HEet EAGA] FuA 210
Ao FAzl o) FqAEed, FYEAMH AEFAIL
19924 6% 179 FHFHe] 19954 12¥¢) <24
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o], AE ¢ Z2FA} 94 594 3o 949
shubrlel Hgslglch. E2RAARE 4 EAEAY)
¢l 9% cascade impactor (4 Dylac co., Model
KA-200)§ ol§ste] o7 #4228 973482 23
s9ich. 32 28.3L/mino2 IAsl] 7UN 30
Y Aoz A% assen, 24 rage e
s fFe] 25.1L/min o]3l2 F43] dejd o)
Aspeh. A2 ALl AR, vFdie 4
o A3 2% 80 mm, pore size 0.45um<¢ mem-
brane filter (Gelman ScienceA}: model GN-6)&
AHRE e, o 71zHEd & 83709 setrl AHEHK
o} 7} set= 99 AR o] Folx] Yot A& XA
3 A fAaHelEe] Bad F 4P st
A ARe 9AT 2|2 AFEo vgI Bl
X-A YFERINE o] 43l 4 PHE FEE SAs
qd5. & Q7 AHed X-A 33-E47)1= d& Riga
kurle]l X-ray flourescence spectrometer (model
3063) o)}, 7] EA AJge] YARM L backup filter
(<0.43um)E A g A 1de]A 89729 mem-
brane AA & & EAM3l¢c. Membrane A&
A HAgle] A% 3cm 27|12 AF s holderd]
¥1, Y #A9 vAE B7)9)8 $938 mylary
22 g2 F ATAHAN FY2Y $2F 23
g, EFARE nF NISTAY #F2E4 SRM
1832 (JAW 3 195)9F SRM 1833 (¥ 3 1207) &
AHg-8h9 ek

32 B A7l A14H filters] vlRAY 2 Y2
7188 73ehe XRFY AA|A &84 (working detec-
tion limit): Si 1.7 ng/m?, Ca 7.8 ng/m®, Mn
16.3 ng/m®, Fe 9.1ng/m3 Cu 2.5ng/m? Zn
1.9ng/m® Pb 6.4ng/m? Co 1.2ng/m®, V 2.2
ng/m®, K 6.8ng/m|e},

4. d= 3 2@

4.1 X2e 7= o Hy

474¥2 Mg Ca, Co, Cu, Fe, Mn, Pb, Si,
Zn 5 & Frllad TERARE UAER o83y
o £ d7dME 27 19 827R|e] F714lA
=48 %, UA47 3.3umE 7|Fo2 Ax YAE
R & XA 1gelM 497HR)9] F=AEE
g3l oA YA 1522 (d,<3.3um), 3.3pm °}4}
ql 237] 53delA 87kxY ARE st AR
%07 BEs9d(d,>3.3um). EA7ZL 89y

U7 EAG A 13 F A1

11945 944 997px|olm, o] 7|54t 2AY A&
9 %, & objectd] $¥ F 83/Mo|t}. 7 object: 8
A 77140 Hg EAE, F W4 (variable)E 7}
A X gl

2 dFedMEe FAEH 9M AR HFE )
FrdAYe] 25, 28 AF2HS 5 5
ez A2E WS, £33, z-scored o]4%
RFIE Fa el JTF 0, ¥4 19 FIF IF
e 225 39}

4.2 2EENM Ho

ookt 2AEA Y F A9 ¥4 (hierachi-
cal cluster analysis)& A4dlgon, vlfAlE 7|&
L22x dubx o ol AMEHE #EYde, #FEed
ot AF, et A" 5 AR wdE 474 ALy
o FAEAA YRR A ABHRS AXA g
Ag, 2R AR AR, 283 AFTHBE AR
AR 5 39 ARE JdHARR AL Z-
scored o] 43 A& FEE 379 AR EF] A
S8t o] 3709 RLEFe Wl A7) 371A9 vl %
AR ANEE 47 A48t FHEAE sYsldd. o
g, wlAdAe AdURl 25 de 4 9MH
TAE (dendrogram)& 4& 4 U 2¥ 1L 7
Az AARE 2owgst & 29 ARE
HHALE 7|80 FARN S 88 A7 98 #AR
ojt}, AT oY £44 BE 238 o 3
#1203 object HREo] 77 FHE FHIH. 2
A ool FAE 23R -2 object (&) E outlier
2 EFsge. 283 o outliergg Fol = shie
24 (class 99)& =HE414.

FAEAM vlAlEe] 295 AAsln #9 £5
AR AL FAEHNN M 8§ FA o)A,
Bz FaAel ke Aoz o)) ol Fol w@
2 Fort Yol B AT Az Adulas) &
ol3t=% 719 #AHY 78 AANA FdoH, dF
2719 outlier F%HE Ejtsle] 5~87) Ale|d|A £
Aol +& AAsA.

4.3 SIMCA 28 Zy

TAEAE P A" #4H A4S training
set2 813, SIMCA packageE o|-43ld HAFAYE
4L PRy FALRHA M 288 A
e EAME fEY FARY £5 AAFHE: Ao
w, o]& ¢35l BHAE (cross validation) ZHAE 4=
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Fig. 1. A dendrogram for fine particle group based
on the Euclidean distance after logarithmic
transformation shows various levels of dissi-
milarities as example.

Wesis £ 12 040G AGUA 18 22l
Sl BAFHEERS 2A% 23 429 298 74
2] $ole), R BE k) AL % 209 object
Foleh shte] 2Ao) 248 objects) 47} 37 ols}
2 e A A%, SER FAE S0} AHA o
st olAE BHEMA AR T 2R a2
24597 shee oJulge,

BAFAEEINES o143 71 EAANRY ¥F 55

M

weld olF wiAls i FES FAEY 7 AAHE
FAAARS Adsd. 1 ds, wdday 44
B2 i3 2§ H3E AN AR A Hsle #
ZEHe A=d fEede AFARE AR 1E
22 FREAE £y ARt P dzslgd. as
I, AdYAY A4S, 2o i3 AN A8 F F24
oot A E 48 A, AGT H3E AR ARF
K2 AFALDE 443 Aol F3sigc

dot =2 A A8 FAE 7 AAEYE 2
3} objectel] W3t FREFRAE FE ¢ 9o, o F
o] &3te] Coomans? EFZHA X (Coomans et al.,
1981)F A% 4 ek Coomans®] EEAAEE
o] 83l objectEe ¥3 A& HE ¥EHoE PF
g 4 glddeh a9 2% 4R dEd, 20 HS
& AR fEeldal ARE o483l ZHENE 5
A A2 74 3], REAHEE o] 839 74
& g do|c}, YN $AH P02 22 A
90% &&9] dAA=AeL, o Aol 25 4709 o
qog oA, o] 99 F &AL F FH
FEE HdYeln, $£EADE T A odd= &
37 e gdelct. welM F3A4D P $F3G 4y
of object7} &4d o 90% HEZ HFLH &3
Hi, 2 9 gqe 249 9 object: HFEH A
WAl el olsl o] BFAM T Asle ZHEA
YA Y FAA AA, F uHAlRe d94 4
AL ARds2 £97AE 229G R 2% £4F
A3t #Ael £ object RAFZ v}, =8 w)AY
A2 ARG 2FE BF £ A9, 2o 88
s L AHE Bl 7ELE B4
9 97t 7lE ARE JlELeE: P E Wi
outlier?] £7} A7 HA=AL. @iy, & AT A
45 A2 Mo glolA, ARQ AAE: 21 W
&, THEAA e v 71ELE f-EEd] A
g o4 W, 7PF ol3X ERvt s

9] 1% 19 AR E vlAIYR el sl ofn] AA
HAd ¥AkE &4 (line B)E 314 (line A) 9} AH¢-
(line O)Z & DAY o] g2A3ld HAI 9t} o
71M, Bl 4Rt AR YA 2] HEle outlier ¥4
& 233 749 471 508 82 2AHG A, AF
A BEeld FAHE 4ol Hitq 9A FAREHE
239 olF A 71 649 4 AT T2
outliers] 47} w4 A3, wety £49 71 674
ol 7% (outlier ZHEF)E AWzl AR M| o] &
g &, oMYAl line A HlHALE EHE
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Table 1. Nunmber of significant principal components and of the assorted objects (in parenthesis) for fine and
coarse particle groups based on a cross validation test.

Without Transformation Log Transformation Square Root Transformation
Group Class
ED SED CBD ED SED CBD ED SED CBD
Class 1 | 0 (54) [0 (54) |1 (31) | 0(49) | 0 (50) | 0 (25) | 1 (33) | 1(33) |1(57)
Class 2 | 0 (17) o (17) |O (7) ] 0(16) | 0(15) | 0200 |02 {02 |0(9
) Class 3 [0(C4) Jo(a) jo(7 lo(3)|0(3) |0 o) |o0o() {-(2)
PFr‘t’!el Class 4 | - (2){-(2) |-(3) |o(e)|lo(e)|o(s) |o(e) |o(6) |1(7
(?rollfpe Class 5 0(14) [1(4) [1()|-(2[1(8 [1(0 |[1(8
Class 6 1(7 -(2)
Class 7 . 0 (6
Class 99 [ 0 (6) |0(6) |[0(8) J0(5) |0(5) [0(4)|jo (7 ]0o(7) |0(4)
Class 1 | 2 (49) | 1(38) |2 (49) |0 Q1) o 1) | 1(2) |0 @5 |2 (49 |2 (53)
Class 2 | 0 (4) | 1(15) [0(14) [ 1(44) | 1 (44) | 0 (9) [ 120 [0(9) |1(8)
Pcz:)rifgle:a Class 3 | 0 (14) {0 (10) [0 (8 |0(9) [0(4) [1(9) [1(2) [0(4) [0(8)
Group Class 4 [ 0 (7D |0 (4 |o(a) |o(e)|[o( 1(8) lo(D [2¢(7 |1(8)
Class 5 | - (2) {1(6) [-(2) |1(8) |1(&) |-(2D|-(3|[1(D |-(3
Class 6 -(2) -(2)
Class 99 | 0 (7) | 0 (8) | 0(6) o(7 1 2(B5[0o(3]o(6)io(7) |-(3)
* ED : Euclidean distance
ESED . squared Euclidean distance
CBD : city-block distance
class 2 43 —’,‘—g—ﬁ.—% A& 4 g9t =3 line C& v $
5 AR F42 AAHREE 9, 5709 238 4%+ AA
L} FH EE 73*}4] &g 7 objectd] g3
A4§2 66%0)%itt. ¥bd, line BY w9 A4
4 x 90%elelst. B & ATFAAE line BE HFAE
X FH2 A&l 239 8 602 A ¢l
3 8 Ze WS ARl ® H4siedd.
X ) 4.4 23| BN 9 He]
2 +4 X FAEHT BAFAAEAL oo 279 48 2
_F#""‘++ + _— A & YU, outlierd WA ¢4 4 &
gt s .‘: " Addet. WA D AgdAl 25 Bl st ¢4
1 4 AL sl 239 $& 6/) (Class 9EWH 2 AIAH, o}
N 20 QTR LAYAE AT & oo &
R A= AR 249 EAL mosly SR ez 4
00 ] 2 3. p 5 &7 Y8 NARARE gLsgon 23 FAEMNE

class 1

[ A class1 + class 2 * class 3 x class 99 |

Fig. 2. Coomans’ standard decision plot for fine par-
ticles between classes 1 and 2.

2R3 g S 4, 8hY dYAFE 9% £ e
object®] 47} 370 ulutel FAFH o 4707} A H

QIR RAGA ALY A LB

A =319

® 3& 3F YN &5 W 92 Yy
=5 X433 9ok, =3, TEE 7 objectd AlEA
718 o=, $%, £, AS¥ § /AR (]
44, 1989~1994)F sl FAEE W3 An
£ BF3 gl a¥ 4+ & 39 vAYA 28l |
8o, 570 A AL AFAE Aok 2 A

248 objectSS FAHLE it HA B4 A



Table 2. Classified objects for fine and coarse particle groups.

Group Class Objects
Class 1 | 1:2:5,10,16,19,20,21,22,23,25,37,40, 41,42, 52,53, 54, 56,58, 59, 60, 61, 63, 64, 65,70, 71,
72,77,78,80,83
Fine |Class 2 | 13,28 29,31,32,36,47,48,66,69,74,81,82
Particle | Class 3 17,35,76
Group | Class 4 | 3,4,8,9,14,27
Class 5 15,49, 50,68
Class 99 | 6,7,11,12,18,24, 26,30, 33, 34, 38, 39, 43, 44, 45, 46, 51,55, 57, 62, 67, 73, 75, 79
Class 1 | 48,49,50,69,82,83
Class 2 | 6+713,25,26,27,29,30, 32, 35, 36, 37, 38, 39, 40, 41, 42, 43, 45, 46, 51, 52, 53, 54, 55, 56,
Coarse 58,59, 60, 61,65, 66, 67,70,72,75,77,78, 79, 80, 81
Particle | Class 3 16,17,18
Group | Class 4 | 5,10,62,63
Class 5 | 1,2,3,4,8,9,12,28
Class 99 | 11,14,15,19,20,21,22 23, 24,31, 33, 34, 44,47,57,64,68,71,73,74,76

Table 3. The mean concentrations of each component within

principal component analysis.

each homogeneous class after disjointing

Group | Class Ca Co Cu Fe Mn Pb Si Zn |Temp| RH | WS |PREP
Class 1| 248.0f 1.4 | 20.0 | 336.1| 16.9 | 236.1 | 507.0| 147.0| 9.0 | 67.4 | 1.6 6.1
. Class 2 74.1| 3.3 15,2 | 164.6| 16.9 | 163.6 | 268,8| 97.0| 19.4 | 77.7 1.4 9.7
Gli'l(t)l:p Class 3| 633.5| 3.9 44,8 | 515.3| 57.0 | 478.7 | 473.4| 212.2 0.6 | 64.9 1.3 2.3
Class 4 | 158.3] N.D 1.1 | 166.4| N.D | 174.9 | 378.7| 110.7 9.5 75.8 1.4 12,0
Class 5| 235.6] 0.5 | 15.7 | 124,5| 7.9 | 63.8] 155.6| 34.9] 22.3 | 78.6 | 1.3 18.7
Class 1] 465.6| 1.9 9.2 | 351.2] 23.8 45,31 969.2| 24,3 24,4 | 79.8 1.4 18.9
Class 2t 998.3| 2.1 5.7 | 760.5}] 9.3 59.8 [2302.8| 39.8| 12.0 | 71.1 1.5 7.0
CG‘;%ZS; Class 3 |1046.1} 1.6 | 39.0 | 959.3| 90.6 | 183.4 |2781.3] 118.3| —0.2 | 68.1 | 1.1 4.0
Class 4 |1463.9! 1.5 0.3 |1296.9 1.0 47.3 [3916.8| 49.6 6.6 | 75.0 1.9 6.0
Class 5| 736.3| 0.3 0.1 | 517.2{ N.D.| 15.2 [1760.5| 33.9 7.6 | 69.4 1.5 6.9
Unit . chemical element = ng/m?
temperature (TEMP) = °C
relative humidity (RH) = %
wind speed (WS) = m/s
precipitation (PREP) = mm
N.D. = Non Detectable

I ek =3, £ 4 A 9 AYUR 254N 4
7t 224 570 A HE W] AR B
AF2 gk 4 8O 258 54 9 29
= 353 2o

A YA 2FeM, 24 12 Si¢ FE(507.0ng/
m*)7} 32, FEE 1.6m/sE w40 4 1o 43
object59] FAE Am¥d Addz: 23 s
157) (45.5%) 2 7} @otx, dE¥ss TARA 3
HollA ESFAL 2hid) A= 929 o] F @}
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Fig. 3. The means for major chemical components
/ and environmental variables for the five ho-
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/ mogeneous fine particle classes.
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Table 4. Correlation coefficients among 8 chemical variables within each homogeneous class for the fine and
coarse particle groups.

Group Class | Variable Ca Co Cu Fe Mn Pb Si Zn
Ca 1.000
Co —-0.011 1,000
Cu —0.384 0.090 1.000
Class 1 Fe -0,039 | —0.168 | —0,077 1.000
Mn —0,207 0.299 0,380 1 —0,040 1,000
Pb —-0.362 | —-0.195 0.249 | —0.172 0.186 1.000
Si 0.039 0.256 | —0.019 0.254 | —0.070 | -0.377 1.000
Zn —0.293 0.030 0.102 0.002 0.177 0.101 | 0,142 1.000
Ca 1. 000
Co —0.205 1.000
Cu —0.535 0.293 1.000
Class 2 Fe —-0,791 0.389 0.307 1.000
Mn -0.211 0,022 0.137 0.402 1.000
Pb —0.430 0.218 0.506 0.123 | —0.338 1.000
Si —0.093 0.640 0.145 0.336 0,247 0,157 1,000
Zn —0.102 0. 386 0.159 0.153 0.278 0.440 0.682 1,000
Ca 1.000
Co -0,727 1.000
Cu —0.844 0.246 1.000
Fine Class 3 Fe -0.973 0,867 0.696 1.000
Group Mn —-0.508 | —0.222 0.891 0.294 1.000
Pb —0.508 | —0.222 0.890 0.293 0.999 1.000
Si 0.309 | —0.878 0.248 | —0,522 0,662 0,662 1.000
Zn —0.699 0.999 0.207 0.846 | —0.261 | —0.262 | —0.896 1.000
Ca 1. 000
Co - 1. 000
Cu 0,325 - 1.000
Class 4 Fe 0.167 - 0.260 1.000
Mn - - - - 1.000
Pb 0,187 — —0.737 { —0.355 - 1,000
Si 0.722 - 0. 065 0.194 - 0.032 1,000
Zn —0,448 - —-0.123 0.214 - —0.008 [ —0.152 1.000
Ca 1.000
Co 0.925 1,000
Cu 0.706 0.919 1.000
Class 5 Fe 0.011 0.078 0.021 1.000
Mn 0,698 0,909 0.957 0.309 1.000
Pb 0.498 0.668 0.808 | —0.562 0.602 1.000
Si —~0.935 | —0.897 | —0.681 | —0.364 | —0.775 | —0.280 1.000
Zn 0.950 0.915 0.772 | —0,266 0.676 0.727 | —0,794 1.000

on, 2E(-0.2°C), AHFET(68.1%), F4(1.1 FHLZ P2 #3202 ARHY.

m/s), 75 (4.0mm)o] Woke}, B3], 4 3= A 4 4= Ca (1,463.9ng/m?), Fe (1,296.9 ng/
4 7175 objectsZ (919 149 16Y~91d 24 m?), Si(3,916.8 ng/m®)9 ¥x7} gow, F
179 FAse dddeh of FAHAAME Cust Fe, £01.9m/s)E Wgeh, =3, #3 45 42 84
Cu$} Mn, Fe$} Si, Fest Zn, Pbst Si, Pb%} Zn, 717454k objectE (90 19 79 ~14 204, 904
Sigh Zn 5 G WSatelo] 4G AAA o] wASe] 39 309~49 27, 93 3¢ 229~44 69, 934
AFHAAY e EAlsle B4 24U FF¥E A 49 7U~44 239)F FAH] A o AL 5
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Table 4. Continued.

Group Class Variable Ca Co Cu Fe Mn Pb Si Zn
Ca 1.000
Co ~0.453 1,000
Cu —0.414 | —0.523 1.000
Class 1 Fe 0.460 | —0.531 0.363 1.000
Mn —0.275 0.281 | -0,276 | —0.420 1.000
Pb 0.089 0.838 | —0,.855 | —0.307 0.155 1.000
Si 0.281 | -0, 296 0.310 0.956 0.310 | —0,140 1.000
Zn -0.349 0.267 0.227 0.377 | —0.397 0.163 0.559 1.000
Ca 1. 000
Co 0.274 1.000
Cu —0.142 0.007 1.000
Class 2 Fe 0.276 0.170 | —0.071 1.000
Mn —0.004 0.435 0.330 | —0.091 1.000
Pb 0.145 0. 399 0.129 0.063 0.366 1.000
Si 0.545 0.223 | -0.017 0.616 | —0.004 0.262 1,000
Zn —0.049 | —0.005 0.308 0.262 | —0.059 0.080 0.102 1.000
Ca 1.000
Co —0.817 1,000
Cu —0.426 { —-0.174 1.000
Coarse Class 3 Fe 0.018 | —0.591 0.897 1.000
Group Mn —0.615 0.047 0.976 0.778 1,000
Pb 0.555 | —0.933 0.516 0.842 0.315 1.000
Si 0.312 | —0.803 0.726 0.955 0.558 0.964 1.000
Zn 0.298 | —0.794 0.737 0.960 0.570 0.960 0.999 1.000
Ca 1.000
Co 0,184 1,000
Cu —0.056 | —0.971 1.000
Class 4 Fe 0.991 0.046 0.080 1.000
Mn —0.417 {1 ~0,970 0.909 | —0,288 1.000
Pb 0.437 | —0.298 0.187 0,484 0.179 1.000
Si 0.537 | -0.731 0.796 0.648 0.543 0.553 1.000
Zn -0,173 | ~0.915 0.970 | —0.047 0.883 | —0.057 0.668 1. 000
Ca 1.000
Co —-0.951 1.000
Cu —0.624 0.698 1.000
Class 5 Fe 0.262 | ~0.041 0.081 1,000
Mn - - - - 1.000
Pb 0.396 | ~0.501 | —0.255 0.001 — 1.000
Si 0.521 | —0,491 | —-0.164 0. 658 — 0.646 1. 000
Zn 0,673 | ~0,496 | —0.204 0.665 - 0.274 0.496 1,000
3] Fedt Ca, Cus} Mn, Cu$} Zn, Mn3} ZnAteld]  HE W& & £ ook o ZAdA Cast Co Aloo)
74s A o] ZAHE G 74 9 ARl ZAEG oY A4 £+ gl

3 594 Co, Cu, Mn9 ST HZTA sy
o PbY XL 15.2ng/mPZ Wkl dAxyz B
o, 899 (1, 2, 3, 4)0] 50%2 74 w©t®, 909
(8, 9, 12)¢} 37.5%, 281 914(28)°] 12.5%%
91y o] A8st ] HAAR F 87.5%F A,
914 ol F 87} 92.7%E ARAslE 7 29 A

g7 2432 A13d A1 E

ol 3 AZ g 714ads Aol gl A A4
THAR (714, 1989~1994)F A3l nlms 2
gt PR 2 FEel ¥ AR VST 2
A 1(3¥ )3 ALA A3z F4Y 23 3 (39
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Fig. 4. Wind direction for classes 1 and 3 in case of the fine particle group.
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Fig. 5. Wind direction for classes 3 and 4 in case of the coarse particle group.
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